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Abstract. Two new salicylaldiminato-copper(II) complexes, [Cu(L1)2] (1) and [Cu(L2)2] (2) (where
HL1 = 4-tert-Butyl-2-[(thiophen-2-ylmethylimino)-methyl]-phenol and HL2 = 2, 4-Di-tert-butyl-6-
[(thiophen-2-ylmethylimino)-methyl]-phenol), endowed with a pendant thiophenyl moiety, were synthesized
and characterized using standard spectroscopic techniques (FT-IR, UV-Vis, MS) and elemental analysis.
Complexes 1 and 2 were unequivocally characterized by single crystal X-ray crystallography, which confirmed
bidentate bis-chelation of the deprotonated -L1 and -L2 ligands to the copper (II) centres via the phenoxo
and imine atoms forming square planar complexes. The copper(II)-hydroperoxo derivatives of 1 and 2
([(L1)2CuII-OOH] (3) and [(L2)2CuII-OOH] (4)) were also synthesized and the formation of the active
intermediate in solution studied. Complexes 1 and 2 were tested as catalyst precursors in cyclohexane oxidation
under mild reaction conditions using hydrogen peroxide (H2O2) as a terminal oxidant, and were found to
catalyse oxidation of the substrate with yields comparable to similar mononuclear and even multinuclear copper
complexes.

Keywords. Copper; oxidation; hydroperoxo complex; cyclohexane.

1. Introduction

Salicylaldimines constitute a sub-class of Schiff-base
compounds that have been widely studied as ligands to
transition metals because such complexes exhibit inter-
esting magnetic, spectral, catalytic and redox properties
and may be used as biomimetic models for various
biological metal sites.1–3 Copper(II) complex, chelated
by a salophen ligand that is endowed with different
electron donating and withdrawing groups, has been
investigated as a model in the oxidation of primary
alcohols.4 The inclusion of sterically demanding sub-
stituents such as tert-butyl groups on the salicylaldimine
moiety alters the ensuing electronic and chemical prop-
erties of the metal complexes.5 The literature reveals
a limited number of copper(II) complexes with ster-
ically demanding tert-butyl substituents on the sali-
cylaldimine ligands.6–8 Also, only a limited number
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of mono-,9–13 di-,14–16 and multinuclear17–20 copper(II)
complexes have been reported to catalytically function-
alize C-H bond of alkanes under mild reaction con-
ditions. Some salicylaldiminato-copper(II) complexes
have been shown to catalyse a range of chemical reac-
tions such as selective aerobic oxidation of primary
alcohols to corresponding aldehydes.21–24 It has also
been demonstrated that endowing the chelating phe-
nolate ligands with bulky tert-butyl substituents at the
ortho- and para-position imparts stability to the ensuing
phenoxyl radical complexes.5,25

Notably, some copper(II) complexes have been
employed as functional models of the copper enzyme
Galactose Oxidase (GO) in the oxidative transformation
of primary alcohols to corresponding aldehydes with a
consequent reduction of dioxygen to a peroxide, i.e.
hydrogen peroxide.26,27 This catalytic transformation
involving enzyme models has been suggested to proceed

http://crossmark.crossref.org/dialog/?doi=10.1007/s12039-018-1455-y&domain=pdf
http://orcid.org/0000-0001-7292-3160
https://doi.org/10.1007/s12039-018-1455-y


 59 Page 2 of 10 J. Chem. Sci.  (2018) 130:59 

NOH

S

N

O
S

N

O

S

Cu

R1 = H, HL1

R1 = tert-But, HL2

1

R1

N

O
S

N

O

S

Cu

2

(i)

Reagents and reaction conditions: (i) CuCl2.2H2O, MeOH, Et3N, 12 h, rt
 (ii) CH3CN:MeOH (1:1), H2O2:Et3N (10:2), rt

N

O
S

N

O

S

Cu

3

N

O
S

N

O

S

Cu

4

OO
H

OO
H

(ii)

Scheme 1. Synthesis of complexes 1 and 2 and the copper(II)-hydroperoxoc intermediates, 3 and 4.

via the formation of active mononuclear Cu-O2
28–31 and

copper(II)-hydroperoxo (CuII-OOH) intermediates.32–35

Recently, a mononuclear salicylaldiminato-copper(II)
complex coordinated by N2O2-donor atoms was found
to be effective in the catalytic oxidation of aromatic
hydrocarbons. This complex effects the oxidation of
hydrocarbons via the formation of a catalytically active
copper(II)-hydroperoxo intermediate. It was shown that
the presence of a pendant pyrazolyl arm stabilizes the
copper(II)-hydroperoxo intermediate [LCu−OOH]− via
formation of hydrogen bonding.9,13 Such hydrogen bond
interaction has been shown to be vital for the stabi-
lization of the rather unstable intermediate [LCu(II)-
OOH].34a

We wished to expand the scope of sterically demand-
ing tert-butyl salicylaldiminato-copper complexes by
preparing the bis-N2O2-chelated salicylaldiminato-
copper(II) complexes [Cu(L1)2] (1) and [Cu(L2)2] (2)
that possess a pendant hemilabile thiophenyl moiety
(Scheme 1). The purpose of introducing a pendant
thiophenyl arm is to stabilize a potential [LCu(II)-
OOH] intermediate in solution via hydrogen bond-
ing between the thiophene and hydroperoxo moieties.
The copper(II) complexes were evaluated as catalyst
precursors in the mild oxidation of cyclohexane by
H2O2. The formation of catalytically active copper(II)-
hydroperoxo intermediates in solution was also inves-
tigated. We propose a catalytic cycle for oxidation of
cyclohexane by H2O2 effected by complexes 1 and
2.

2. Experimental

2.1 Materials and Methods

All experimental manipulations were carefully carried out
under inert nitrogen atmosphere using standard dual vac-
uum/nitrogen lines and Schlenk techniques. All commercial
chemicals were purchased from Sigma-Aldrich and were used
as received. The solvents were dried and purified by heat-
ing at reflux under nitrogen in the presence of a suitable
drying agent; methanol was dried over magnesium. Acetoni-
trile was dried over 3 Åmolecular sieves. Reaction progress
and product mixtures were monitored by IR spectroscopy.
Anhydrous magnesium sulphate (MgSO4) was used for dry-
ing. NMR spectra were recorded on Varian Inova 500 MHz
(Lund University, Sweden) or Bruker Avance III HD 400 MHz
(University of the Western Cape, South Africa) spectrom-
eters using the solvent resonance as an internal standard
for 1H NMR and 13C NMR shifts. Infrared spectra were
recorded on a Nicolet Avatar 360 FT-IR spectrometer (Lund
University, Sweden). The GC analysis were carried out on
an Agilent 7890 gas chromatograph, GC Column: Agilent
19091J-413; 325 ◦C: 30 m X 320 μm X 0.25 μm, 5% phenyl
methyl Siloxan HP5-column.

2.2 Synthesis of the salicylaldimine ligand
precursors HL1 and HL2

A solution of 3-tBu-salicylaldehyde (0.314 g, 2 mmol) in dry
methanol (10 mL) was stirred at room temperature and a
solution of 2-thiophenemethylamine (0.199 g, 2 mmol) in dry
methanol (10 mL) was added to the solution, dropwise. The
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colour of the solution changed immediately to bright yellow
and a yellow precipitate formed. The reaction was moni-
tored by thin layer chromatography (TLC) and was allowed
to continue at room temperature for 12 h. The precipitate was
collected and washed with cold methanol and hexane. The
solids were dried over CaCl2 to obtain yellow crystalline
solids after 24 h.HL1: IR data (KBr, ν/cm−1): 2924 (νCO−H),
1613 (νC=N), 1446 (νC=C). 1H NMR data (CDCl3, ppm):
12.99 (s, 1H), 8.42 (s, 1H), 7.37–7.39 (dd, J = 5.09 Hz, 2H),
7.24–7.27 (dd, J = 5.08 Hz, 2H), 7.02-6.97 (dd, J =
5.10 Hz, 2H), 6.931 (d, J = 5.11 Hz, 1H), 4.97 (s, 2H), 1.25
(s, 3H). 13C NMR (CDCl3, ppm): 161.6 (C=N), 158.2 (C-
OH), 142.1, 140.3, 127.3, 126.9, 126.2, 125.6, 119.1, 55.3,
41.4, 33.1, 32.2. Anal. Calc. For C16H19NOS: C, 70.29; H,
7.00; N, 5.12%. Found: C, 70.55; H, 7.08; N, 5.42%. ESI-MS,
m/z: 273{[M] + H}

The ligand HL2 was obtained by following the above-
mentioned procedure for the synthesis of HL1. HL2: IR data
(KBr, ν/cm−1) 2980 (νCO−H), 1637s (νC=N), 1505 (νC=C).
1H NMR data (CDCl3, ppm): 13.51 (s, 1H), 8.42 (s, 1H),
7.41 (dd, J = 5.09 Hz, 1H), 7.26 (dd, J = 5.08 Hz, 1H),
7.15 (d, J = 5.10 Hz, 1H), 7.01 (dd, J = 5.11 Hz, 1H), 4.98
(s, 2H), 1.45 (s, 3H), 1.34 (s, 3H). 13C NMR (CDCl3, ppm):
166.2 (C=N), 159.9 (C-OH), 155.2, 141.1, 139.3, 137.1,
126.8, 126.6, 126.2, 123.3, 55.3, 42.1, 34.2, 33.9, 30.8. Anal.
Calc. For C20H27NOS: C, 72.90; H, 8.26; N, 4.25%. Found:
C, 72.13; H, 8.31; N, 4.55%. ESI-MS, m/z: 330.47{[M]+H}

2.3 Synthesis of bis[N-(thiophenyl)-3-tert-butyl
salicylaldiminato] (1) and bis[N-(phenyl)-3,5
-di-tert-butyl salicylaldiminato] (2) copper(II)
complexes

A methanol (10 mL) solution of the ligand HL1 (0.04 mmol)
was stirred at room temperature for 30 min in the presence of
triethylamine (Et3N, 0.04 mmol) in order to deprotonateHL1.
A methanol (10 mL) solution of CuCl2·2H2O (0.02 mmol)
was subsequently added dropwise into the ligand solution
and the reaction mixture was stirred at room temperature for
12 h. The solvent volume was then reduced under vacuum to
∼3 mL and the complex was precipitated with cold diethyl
ether. The precipitate was filtered and washed with copious
amount of diethyl ether and kept under reduced pressure for
several hours.

1: IR data (KBr, ν/cm−1) 2945–2855 (νC−H 3-tert-butyl
group), 1608 (νC=N), 1238 (νC−O). Anal. Calc. C32H36CuN2
O2S2 C, 63.18; H, 5.96; N, 4.61%. Found: C, 62.82; H,
5.43; N, 4.08%. ESI-MS+,m/z: 608.17{[Cu(L)2]+H+} and
630.15 {[Cu(L)2] + Na+}

Complex 2 was synthesized following the same methodol-
ogy reported above for 1.

2: IR data (KBr, ν /cm−1) 2960–2860 (νC−H, 3,5-tert-
butyl groups), 1605 (νC=N), 1250 (νC−O). Anal. Calc.
C40H52CuN2O2S2 C, 66.68; H, 7.27; N, 3.89%. Found: C,
66.32; H, 7.44; N, 3.72%. ESI-MS+,m/z: 720.29 {[Cu(L2)2]
+ H+} and 742.28 {[Cu(L2)2] + Na+}

2.4 Structure determination by single-crystal X-ray
Crystallography

Single-crystal X-ray diffraction data were collected on a
Bruker KAPPA APEX II DUO diffractometer that employs a
graphite-monochromated Mo-K α radiation (λ = 0.71073 Å).
The operational temperature for data collection was 173(2)
K. Temperature regulations was carried out with an Oxford
Cryostream cooling system (Oxford Cryostat). Cell refine-
ment and data reduction were performed using the program
SAINT.45 The data were scaled and absorption correction
performed using SADABS.45a The structures were solved
by direct methods using SHELXS-9745b and refined by full-
matrix least-squares methods based on F2 using SHELXL-
201445c and using the graphics interface program X-Seed.45d

All non-hydrogen atoms were refined anisotropically. All the
aromatic hydrogen atoms were placed in idealised positions
and refined in riding models with Uiso assigned 1.2 or 1.5
times Ueq of their parent atoms and the bond distances were
constrained from 0.95 to 0.99 Å. The structures were refined
to R-factors of 0.0394 for 1 and 0.0437 for 2. The parame-
ters for crystal data collection and structure refinements, and
the bond lengths and angles are contained in Tables 1 and 2,
respectively.

2.5 Catalysis

The catalytic activity studies were carried out following
reported methodologies.18 The catalytic mixtures for com-
plex 1 and 2 were prepared as follows: To a solution of com-
plex 1 (4.10 mg, 6.75μmol) dissolved in 5 mL, dry MeCN,
H2O2 (82.6 μL, 2.70 mmol) and HNO3 (3.06 μL, 0.06 mmol)
were added and stirred for a short time. Cyclohexane
(8.0 μL, 0.17 mmol) was subsequently added and the reac-
tion was allowed to stir for 36 h at room temperature. Aliquots
(100 μL) from the reaction mixture were withdrawn at spe-
cific time intervals during the reaction time. Cycloheptanone
(9 μL, internal standard) and 90 μL of ether were added to
the aliquots to extract the substrate and product. An appro-
priate volume was sampled from the mixture and injected
into a GC. Retention times from the catalytic mixture were
compared with commercial standards.

3. Results and Discussion

The proligandsHL1 andHL2 (Scheme 1) were prepared
according to literature procedures.36–39 The complexes
[Cu(L1)2] (1) and [Cu(L2)2] (2) were prepared in
methanol in the presence of Et3N (Scheme 1) and iso-
lated after 12 h as brown solids in excellent yields of 90
(1) and 87% (2). Coordination of the deprotonated form
of the ligands, -L1 and -L2, was monitored by thin layer
chromatography and confirmed by IR spectroscopy.
Disappearance of the hydroxyl (O–H) stretching fre-
quency present in the ligands and the hypsochromic
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Table 1. Data collection and selected parameters for complexes 1 and
2.

1 2

Formula C32H36CuN2O2S2 C32H36CuN2O2S2
Formula weight 608.30 720.51
T, K 100 173
Crystal system Monoclinic Monoclinic
Space group P21/c P21/c
a/Å 12.198(2) 16.1516(18)
b/Å 5.812(2) 13.2501(14)
c/Å 20.371(4) 18.388(2)
α/◦ 90.0 90.0
β/◦ 95.01(3) 97.335(2)
γ /◦ 90.0 90.0
U/Å3 1438.7(7) 3903.0(7)
Z 2 4
D/g.cm−3 1.404 1.226
μ/mm−1 2.678 0.701
F(000) 638.0 1532.0
No. of measured reflections 2511 9741
No. of observed reflections 0.030 0.074
Parameter refined 182 467
No of reflections [I > 2 σ (I)] 2372 7290
Goodness of fit, S 1.146 1.026
R1, wR2 (all data) 0.0394, 0.1137 0.0441, 0.1220

Table 2. Selected bond lengths [Å] and angles [◦] for com-
plexes 1 and 2.

Interatomic distances

1 2

Cu-O(1) 1.893 1.917(2)
Cu-O(2) 1.893 1.922(2)
Cu-N(1) 2.001 1.959(2)
Cu-N(2) 2.001 1.966(2)
N(1)-C(11)(1)/N(1) –C(6)(2) 1.290(3) 1.294(3)
N(1)-C(11) (1)/N(1)-C(26) (2) 1.290(3) 1.292(3)

Angles
O(1)-Cu-O(1)(1)/O(1)-Cu-O(2)(2) 180.00 159.63(7)
O(1)-Cu-N(1) 91.94 91.64(7)
O(1)-Cu-N(2) 88.06 90.67(7)
O(2)-Cu-N(1) 91.94 91.82(7)
O(2)-Cu-N(2) 88.06 92.22(7)
N-Cu-N 180.00 161.95(8)

shifts of the azomethine (C=N) moiety from 1620 cm−1

(for the free ligands) to 1608 (1) and 1605 (2) cm−1 for
the complexes confirmed participation of the N,O-donor
atoms in the coordination. Complexes 1 and 2were con-
firmed to be bis-chelated by –L1 and –L2, respectively,
by ESI-MS, elemental analysis and X-ray crystallogra-
phy (vide infra).

The UV-Vis spectra of complexes 1 and 2 exhib-
ited bands in the region 280–640 nm. The bands that
appeared at 282 nm were assigned to π - π* transitions
while the band at 328 nm was assigned to n - π* tran-
sitions. The band at 630 nm was attributed to a metal
to ligand charge transfer (MLCT) between the Cu(II)
centre and the non-bonding orbital of the azomethine
(C=N) moiety. Similar observations are reported in
the literature for salicyaldiminato-Cu(II) complexes,9,13

suggesting formation of a distorted square planar geom-
etry for complexes 1 and 2. Formation of 1 and 2
was further confirmed by high resolution ESI-MS+.
Appearance of molecular ion peaks at 608.8378 (1) and
720.9918 (2), respectively, confirmed the presence of
the [Cu(L1/L2)2 + H+] parent ions and the appearance
of peaks at 630.7742 (1) and 742.9822 (2) were assigned
to the [Cu(L1/L2)2 + Na+] ions.

Preparation of intermediates (L)Cu(II)-OOH from
complex 1 and 2, respectively, is depicted in Scheme 1.
Formation of [(L)Cu(II)-HOOH] species 3 and 4,
respectively, in solution was confirmed by UV-Vis
(Figure 1) and high resolution ESI-MS+ (SI, Fig-
ure S6 in Supplementary Information). In the UV-Vis
spectra of 3 and 4, new characteristic bands at 382
and 580 nm, respectively, were observed. The band at
382 nm was assigned to the HOO− → Cu(II) ligand-
to-metal charge-transfer transition (LMCT) while the



J. Chem. Sci.  (2018) 130:59 Page 5 of 10  59 

band at 580 nm was attributed to d-d transitions of the
Cu(II) centre. These observations were in accordance
with Cu(II)-OOR complexes reported in the literature
and indicative of the formation of a square-pyramidal
geometry in solution,40–43 and provided strong evidence
for interaction of the aqueous H2O2 with the Cu(II)
centre. The ESI-MS+ spectra displayed ion peaks
at m/z 608 [(L)2Cu]·+, 642 ([(L)2Cu-HOOH]·+), 665
([(L)2Cu-OOH] + Na+] and 681 [(L)2Cu-HOOH +
K+] for 3. The corresponding ion peaks for 4
were observed at m/z 720[(L)2Cu]·+,754([(L)2Cu-
HOOH]·+), 777 ([(L)2Cu-OOH] + Na+] and 793 [(L)2

Cu-HOOH + K+], indicative of the formation of the
(L1/L2)2Cu(II)-HOOH species in solution.

The X-ray crystal structures of complexes 1 and 2
confirmed bis-chelation of –L1 and –L2 to the Cu(II)
centre, respectively, through the N2O2 donor atoms in
a head-to-head fashion with the two salicylaldiminato
oxygens trans to each other. The molecular structures
of complexes 1 and 2 are depicted in Figure 2. The
C-N and C-O bond distances for 1 (1.893 Å) and
2 (1.917(2) Å) were within reported limits for sim-
ilar compounds9,13 while the dihedral angles defined
by O(1)-Cu(1)-O(1)/N(1)-Cu(1)-N(1) and O(1)-Cu(1)-
N(1) for1were 180.0◦ and 91.94◦, respectively, the same
dihedral angles for 2 were 159.63(7)◦ and 161.95(8)◦.
The dihedral angles for 2 were observed to deviate from
the classical square planar geometry. The steric demand

Figure 1. Electronic spectra of (L1)2Cu(II)-OOH (3, 0.5 mM) and (L2)2Cu(II)-OOH](4, 1 mM) hydroper-
oxo species in MeCN:MeOH (1:1).

Figure 2. X-ray crystal structure of 1 (left) and 2 (right) at 30% probability level with hydrogen atoms
omitted for clarity. The partial occupancy of the carbon site by the sulfur atom of the thiophene moiety in 1
is shown.
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around the chelating environment, with the tert-butyl
susbstituents in 6-positions preventing coplanarity, is
a likely reason for the observed deviation. Complex
1 displays a static/flip disorder of about 180o in the
thiophenyl moiety with a partial occupancy of the car-
bon site by the sulfur atom.46a Complex 2 displays
rotational disorder around the methyl carbons of the tert-
butyl moiety, with site occupancy factor of 0.608, i.e.,
61% for the dominant population and 0.39 i.e., 39%
for the minor population. These observations have been
reported for similar compounds and only the dominant
site occupancy is shown in the X-ray crystal structure
of 2 (Figure 2).46b,c

Complexes 1 and 2 were evaluated as catalyst precur-
sors in the oxidation of cyclohexane, employing 30%
hydrogen peroxide as an oxidant in an acidic (HNO3)
acetonitrile solution (Scheme 2). The n(NHO3)/

n(catalyst) and n(H2O2)/n(catalyst) ratios were cho-
sen to be 10 and 400, respectively. These parameters
have been shown to stabilize the catalytic centre and
to predominantly favour formation of alcohols.17,18

Complexes 1 and 2 were observed to mildly oxidise
cyclohexane within the first 3 h with 6.22% (1) and
7.98% (2) conversions to cyclohexanol and 4.12% (1)
and 3.1% (2) conversion to cyclohexanone. Both com-
plexes 1 and 2 favoured the formation of cyclohexanol
throughout the catalytic cycle, although an increase in
the percentage yield of cyclohexanone was observed
with time. The observed increased concentration of
cyclohexanone in the solution was attributed to the in

situ oxidation of cyclohexanol and the possible contri-
bution from other byproducts (acids) present in solution
in small quantities.11 The reaction profile for alcohol
selectivity was observed to increase after 12 h for both
reactions catalysed by 1 and 2, individually, while the
% yield of cyclohexanone increased slightly. The high-
est cyclohexane conversions were reached at 36 h with
yields of 18.10% (1) and 19.54% (2) of cyclohexanol
formation, leading us to conclude that the increase in the
steric hindrance around the chelating N,O-donor atoms
by introducing an additional tert-butyl in ligandHL2 did
not impart significant influence on the catalytic activity
of complex 2 as originally envisioned.

Although complexes 1 and 2 exhibited lower cat-
alytic activities than some other copper(II) complexes
reported in the literature,17 these preliminary catalytic
results are comparable to some of the reported mono-,
di- and multinuclear copper(II) complexes.11,17,18,47

These complexes exhibited higher catalytic activity
compared to simple copper(II) salts under the same
reaction conditions.17,47 The oxidation of stable alkanes
such as cyclohexane (C-H bond dissociation energy =
99 kcal/mol) usually requires harsh reaction conditions
that are not applied here (Figure 3; Table 3).

On the basis of previous studies,9,13,44 and in accor-
dance with the detected formation of the copper(II)-
hydroperoxo (LCuII-OOH) species in solution (vide
supra), we propose that the catalytic cycle in the oxi-
dation of cyclohexane by H2O2 using complex 1 and
2, respectively, proceeds via formation of HO· and
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Figure 3. Conversion of cyclohexane as a function of time
catalysed by 1 (a) and 2 (b).

HOO· radicals as reported for similar salicylaldiminato-
copper(II) complexes under similar reaction conditions
(Scheme 3). This proposal is supported by Density Func-
tional Theory calculations.9,13,44 The formation of the
potent HO· radical in solution has been shown to be
encouraged by the metal-assisted degradation of the
oxidant, H2O2, and to be responsible for the proton
abstraction from the substrate (cyclohexane).9,13 As a
result, proton abstraction from the substrate ensues the
formation of the alkyl radical (R·). The in situ reaction of
the alkyl radical with LCu(II)–OOH generates ROOH
that is subsequently cleaved to form oxyl (RO·) and the
peroxyl (ROO·) radicals, respectively. These radicals
facilitate formation of the oxidation products via proton
abstraction from the substrate. Based on the detection of
the (L)Cu(II)–OOH species in solution by UV-Vis and
HR-ESI-MS analysis (vide supra), we propose that the
catalytic cycle for the formation of oxidation products
(alcohol and ketone) to proceed via generation of the
alkyl radicals that subsequently abstract a proton from
the substrate.

4. Conclusions

In conclusion, complexes 1 and 2 have been success-
fully synthesized and crystallographically character-
ized to be bis-chelated by the tert-butylated pheno-
late. They both react with aqueous H2O2 in presence
of a Et3N to generate LCu(II)-OOH intermediates
[Et3NH][Cu(L1/L2)2(OOH)] (3 and 4) which has been

Table 3. Peroxidative catalytic oxidation of cyclohexane catalyzed by complexes 1 and 2.

Entry Catalyst[a] n(NHO3)
n(catalyst)

n(catalyst)
n(H2O2)

Time (h) Yield[b] of products [%]

Cyclohexanol Cyclohexanone Total[c]

1 1 10 400 0 0.3 1.1 1.4
3 6.22 4.12 10.34
6 9.32 6.90 16.22

12 13.54 8.77 22.31
36 18.10 7.66 25.76

2 2 10 400 0 0.4 0.78 1.18
3 7.98 3.1 11.08
6 10.11 6.23 16.34

12 14.89 7.98 22.87
36 19.54 8.21 27.75

[a]Reaction conditions: catalyst (6.7 μmol), H2O2 (2.7 mmol), C6H12 (0.17 mmol), MeCN
(5 mL), 0-36 h reaction time.
[b]Moles of product/100 moles of cyclohexane.
[c]Cyclohexanol+cyclohexanone.
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characterized in solution. Complexes 1 and 2 have been
evaluated for their catalytic ability to promote the oxida-
tion of cyclohexane by H2O2. Complexes 1 and 2 were
employed as catalysts in the oxidation of cyclohexane
under mild reaction conditions which predominantly
favour formation of cyclohexanol over cyclohexanone
with complex 1 exhibiting the highest product yield
(close to 20%). These preliminary results indicate that
the complexes reported herein can be employed as cat-
alysts precursors in the mild oxidation of cyclohexane.

Supplementary Information (SI)

Spectroscopic data, 1H NMR of HL1 and HL2, UV-Vis of
Cu(L1)2 and Cu(L2)2 and ESI-MS+ of HL1 and (L1)Cu(II)-
OOH are available at http://www.ias.ac.in/chemsci. CCDC
1579065 and CCDC 1579066 contain supplementary crystal-
lographic data for complexes Cu(L1)2 (1) and Cu(L2)2 (2)
and have been deposited with Cambridge Crystallographic
Data. These data can be obtained free of charge via http://

www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cam-
bridge Crystallographic Data Centre, 12 Union Road, Cam-
bridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or via e-mail:
deposit@ccdc.cam.ac.uk.
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